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INTRODUCTION. The p resen t  l a r g e  volume s ty rene  indus t ry  began dur ing  World 
War I1 a s  p a r t  of t h e  e f f o r t  t o  produce syn the t i c  rubber t o  r ep lace  suppl ies  of 
n a t u r a l  rubber  which were suddenly c u t  o f f  from sources  i n  Asia (1 ,Z) -  A rapid 
growth i n  polymer technology eventua l ly  followed. 
v a r i e t y  of new monomers were synthes ized ,  p u r i f i e d  and polymerized t o  e s t a b l i s h  
the  p r i n c i p l e s  and products  of t h e  l a r g e  volume s t y r e n i c s  p l a s t i c s  i ndus t ry  a s  we 
know i t  today. 

VINYLTOLUENE. When to luene  was s u b s t i t u t e d  f o r  benzene i n  t h e  a l k y l a t i o n  
s t ep ,  e thy l to luene  was produced, Equation 1 (R=CH3). The corresponding 
v inyl to luene  was obtained by a subsequent c a t a l y t i c  dehydrogenation, Equation 2, 
i n  a manner analogous t o  t h e  process f o r  producing s ty rene  (3 ) .  By con t r a s t  w i t h  
s tyrene ,  however, a mixture of t h r e e  isomers was formed. 
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prope r t i e s  of t hese  i n d i v i d u a l  isomers and var ious  mixtures were observed g iv ing  
r i s e  t o  more complex s e p a r a t i o n  and p u r i f i c a t i o n  s t e p s .  
commerce which eventua l ly  emerged from t h i s  work i s  composed of approximately 35% 
para  and 65% meta isomers determined p r imar i ly  by t h e  r a t i o  produced dur ing  
a l k y l a t i o n  wi th  an  HCl-AlC13 c a t a l y s t  and p r a c t i c a l  isomer sepa ra t ion  
l i m i t a t i o n s  ( 4 ) .  

p u r i f i c a t i o n  problems. Polymer p r o p e r t i e s  of s tyrene  were a l s o  favored by 
comparison wi th  t h e  v iny l to luene  mixtures  which could be e f f i c i e n t l y  produced 
wi th  the  c a t a l y s t s  and processes  a v a i l a b l e .  
dominant v iny l  aromatic monomer and polymer i n  t h e  marketplace. 

t h e  s t r u c t u r e  and c a t a l y t i c  p r o p e r t i e s  of t he  n a t u r a l l y  occurr ing  z e o l i t e s  has 
grown (5.6). 
development of techniques f o r  manufacture of many of these  ma te r i a l s  and 
e s p e c i a l l y  wi th  t h e  discovery of unique, new s y n t h e t i c  z e o l i t e s  not found i n  
na tu re  which have demonstrated d e s i r a b l e  c a t a l y t i c  p r o p e r t i e s  (7 ) .  

con ta in  pores and channels of p r e c i s e  and uniform dimensions. Chemical r eac t ions  
occur pr imar i ly  wi th in  t h e  pores  a t  c a t a l y t i c  s i tes,  o f t e n  a c i d i c  pro tons ,  
p resent  on the  i n t e r n a l  framework s t r u c t u r e .  The dimensions of  Mobil ZSM-5 c l a s s  
z e o l i t e  pores a r e  s u f f i c i e n t  t o  admit c e r t a i n  s u b s t i t u t e d  benzene de r iva t ives .  

h 
The v inyl to luene  of 

i 

Styrene i s  t h e  s imples t  v i n y l  aromatic wi th  the  fewest production and 

As a r e s u l t ,  s ty rene  has become t h e  

ZEOLITE CATALYTS. During t h e  p a s t  t h ree  decades,  i n t e r e s t  and knowledge of 

More r ecen t ly ,  t h i s  e f f o r t  has expanded dramat ica l ly  wi th  t h e  

Zeo l i t e  c a t a l y s t s  a r e  c r y s t a l s  composed of s i l i c o n  and aluminum oxides which 
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Bowever, analogues with bulky side-chains or polycycl ic  r i n g s  can not d i f f u s e  i n  
o r  ou t  of the  pores t o  undergo a chemical r eac t ion  o r  be produced wi th in  t h e  
pores- 
l imi t ed  space wi th in  t h e  pores ( 7 ) .  

(ulrmodified) HZSM-5 c a t a l y s t  conta in ing  a c i d i c  s i t e s ,  Equation 1 ( 8 ) .  
s t a r t i n g  ma te r i a l s  and products can d i f f u s e  i n  and out of t h e  pores.  
composition of products observed, however, d i f f e r s  s i g n i f i c a n t l y  from t h a t  found 
wi th  an  HCl-AlC13 c a t a l y s t .  
of magnitude, Table 1. An examination of t h e  r e l a t i v e  minimum dimensions of the 
e thyl to luene  isomers, Table 2, i n d i c a t e s  t h a t  t h e  para isomer i s  smal les t  (9) .  
The small  d i f f e rence  between t h e  o r tho  and meta isomers i s  a l s o  s i g n i f i c a n t .  We 
be l ieve  t h a t  t he  product mix observed was a r e s u l t  of t h e  p r e c i s e  dimensions of 
t h e  z e o l i t e  c a t a l y s t  pores. A s u b t l e  d i s t i n c t i o n  was made between t h e  meta and 
o r tho  isomers based on s i z e ,  favor ing  the  smal le r  isomer,  e i t h e r  by r a t e  o f  
formation and/or r a t e  of d i f f u s i o n  ou t  of t h e  pore (10). 

reducing the  e f f e c t i v e  pore and channel dimensions a s  o r i g i n a l l y  synthesized by 
modi f ica t ion  of t h e  c a t a l y s t  wi th  phys ica l  t rea tments  and chemical reagents .  
Para-selective a l k y l a t i o n  c a t a l y s t s  were produced. 
observed f o r  t he  a l k y l a t i o n  r eac t ion .  
product produced was the  smal les t  para  isomer. 
v i r t u a l l y  e l imina ted .  
isomers were increased  by th ree  o rde r s  of magnitude wi th  modified para-se lec t ive  
c a t a l y s t s  (10). 

production of e thy l to luene  by comparison wi th  t h e  HC1-AlC13 c a t a l y s t .  
undesired or tho  isomer,  which is produced, and must be separa ted  and recycled is 
v i r t u a l l y  e l imina ted .  
because of the  confined space wi th in  t h e  pores.  
of cor ros ion ,  d i sposa l  and sepa ra t ion  encountered with t h e  use of AlCl3 a r e  
e l imina ted .  

t h e  labora tory .  However, we have se l ec t ed  a 97% para-, 3% meta-ethylstyrene 
mixture,  designated PMS, f o r  i n i t i a l  polymerization s tud ie s .  A comparison of 
t y p i c a l  monomer p rope r t i e s  of PMS with  s ty rene  and commercial v inyl to luene  i s  
shown i n  Table 3. I n  broad terms, PMS i s  s i m i l a r  t o  s ty rene  i n  i t s  
polymerization behavior. 
m e l t  flow p rope r t i e s ,  have been prepared. 
s u b s t i t u t i n g  PMS f o r  s tyrene .  
d i f f e rences  a s  wel l  a s  s i m i l a r i t i e s  wi th  polys tyrene ,  Table 4. 

A p o t e n t i a l l y  important advantage of poly-PMS i s  i t s  lower dens i ty  r e l a t i v e  
t o  s tyrene  which t r a n s l a t e s  t o  a 4X reduct ion  i n  weight requi red  t o  f a b r i c a t e  a 
des i r ed  product.  Poly-PMS has a g l a s s  t r a n s i t i o n  temperature of 113'C, 11°C 
h igher  than polys tyrene ,  Table 4. 
s a f e t y  f o r  h igher  temperature use  and s to rage ,  decreases  i n  molding cyc le  t imes,  
b e t t e r  mold f i l l  p rope r t i e s  and h igher  melt  s t r eng ths  have been observed. 

A p o t e n t i a l  a p p l i c a t i o n  where poly-PMS can g ive  a s i g n i f i c a n t  improvement 
compared wi th  polys tyrene  i s  i n  t h e  a rea  of flame re ta rdancy  (FR) o r  i g n i t i o n  
r e s i s t ance .  PMS-based impact r e s i n s  r equ i r e  lower loadings  of FR reagents  t o  
meet the des i red  r a t i n g s .  

i t s  proper t ies .  
developed. 
f o r  c ros s l ink ing  a t  commercially v i ab le  l e v e l s  of e l e c t r o n  beam rad ia t ion .  

Zeol i te  c a t a l y s t s  have shape s e l e c t i v e  p rope r t i e s  by v i r t u e  of t he  

Toluene can be a lky la t ed  with e thylene  t o  produce e thy l to luene  over 
The 

The 

The amount of or tho  isomer was reduced by an order  

PARA-SELECTIVITY. To magnify t h i s  e f f e c t ,  methods have been developed f o r  

A dramatic d i f f e rence  was 
Ninety-seven percent  of t h e  e thyl to luene  

The l a r g e s t  o r tho  isomer was 
The r a t e s  of d i f f u s i o n  between t h e  para  and ortho/meta 

The use of a modified z e o l i t e  c a t a l y s t  o f f e r s  s eve ra l  advantages f o r  
The 

Production of d i -  and polye thyla ted  to luene  i s  inh ib i t ed  
I n  add i t ion .  a l l  of t he  problems 

POLY-PARA-METHYLSTYRENE. Samples of 99+% p-methylstyrene were prepared i n  

PMS polymers, wi th  a v a r i e t y  of molecular weights and 
Analogous copolymers were a l s o  made by 

A s tudy  of polymer p rope r t i e s  r evea l s  some 

In  a d d i t i o n  t o  providing a n  e x t r a  margin of 

Polystyrene is  very d i f f i c u l t  t o  c r o s s l i n k  by r a d i a t i o n  without des t roying  
A s  a r e s u l t ,  app l i ca t ions  us ing  t h i s  proper ty  have not been 

The methyl group of Poly-PMS, however, provides suscep t ib l e  pos i t i ons  
This 
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conver t s  a thermoplas t ic  t o  a thermoset r e s i n ,  s i g n i f i c a n t l y  improving i t s  grease 
r e s i s t ance  and f lammabi l i ty  behavior.  

S tyrene  has  enjoyed a s p e c i a l  p o s i t i o n  among vinylaromatic monomers 
because of i t s  l a c k  of  i somers  and consequent e a s e  and s i m p l i c i t y  of production. 
Our d iscovery  of  novel technology t o  produce p-e thyl to luene  has  enabled us  t o  
manufacture a s u b s t i t u t e d  v i n y l  a romat ic  monomer s e l e c t i v e l y .  S ince  much benzene 
i s  produced from to luene ,  t h e  d i r e c t  use  of to luene  f o r  PMS e l imina te s  t h e  f i r s t  
process s t e p  for s ty rene .  Q u a n t i t i e s  of  PMS from a semi-commercial p l an t  a r e  now 
ava i l ab le  f o r  t h e  c r i t i ca l  cost/performance test  i n  t h e  marketplace t o  eventually 
determine i t s  p lace  i n  t h e  polymer indus t ry .  
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Table 1. Alkyla t ion  of Toluene wi th  Ethylene 
Composition of Typical Product Streams , 

I Cata lys t s  

I 
Compound, w t X  RCl-AlC13 a ZSM-5 Class Z e o l i t e  

Unmodified Modified 

Light gas  and Benzene 0.2 
Toluene 48.3 
Ethylbenzene and Xylenes 1 . 2  
p-Ethyltoluene 11.9 
m-Ethyltoluene 19.3 
0-Ethyltoluene 3.8 
Aromatic C l @  14.4 
Tar 0.9 
Tota l  100.0 
Ethyltoluene Isomers, X 

Para 34.0 
Meta 55.1 
Ortho 10.9 

- I 

1 

1 .o 
74.4 
1.2 
7.0 

14.7 
.3 

1.4 
0 

100.0 

31.8 
66.8 

1.4 

- 

0.9 
86.2 

0.5 
11.9 

0.4 
0 
0.1 
0 

1oo.o 
96.7 

3.3 
0 

i 
( a )  R e f .  4 
( b )  Excess to luene  is used t o  prevent po lya lkyla t ion  and r e s u l t a n t  b u i l d v p  of 

C l @  and tars. 

Table 2. Minimum Dimensions of  Alkyl Aromatics a 

Hydrocarbon 

Benzene 
Toluene 
E t  hylbenzene 
o-Xylene 
m-Xylene 
p-Xylene 
o-Ethyltoluene 
m-Ethyltoluene 
p-Ethyltoluene 

Minimum Cross Sec t ion  
A 

7.0 
7.0 
7.0 
7.6 
7.6 
7 .O 
7.7 
7.6 
7 . 0  

(a)  From Fischer-Hirschfelder-Taylor hard sphere  molecular  
models. 
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Table 3. Typical Monomer P r o p e r t i e s  

Pur i ty  (wtX v iny l )  
Isomer D i s t r i b u t i o n  

Para 
Ueta 
Ortho 

Ref rac t ive  Index ( n ~ 2 5 )  
Density,  g . ~ m - ~  (25'C) 
Viscosi ty ,  cps  ( 2 5 O C )  
Surface Tension, dynes-cm-l ( 2 5 O C )  
Boil ing Point  ("C @ 760 mmHg) 
Freezing Point ("C) 
Volume Contract ion on Polymerizat ion 

Beat of Polymerization 
(% b l c u l a t e d  @ 25OC) 

(Kcal mole-l) 

Table 4. P rope r t i e s  of Typical  Polymers 

P rope r t i e s  

Spec i f i c  g r a v i t y ,  gm/ml 
Melt f low r a t e  (condi t ion C) 
Thermal 

Glass t r a n s i t i o n  temp. ("C) 
Vicat Softening ("C) 
h a t  d i s t o r t i o n  temp. ("C) 

Tens i l e  s t r e n g t h  a t  break ( p s i  x 
Elongation ( X )  
Tens i l e  modulus (psi x 
Flexural  s t r e n g t h  ( p s i  x l o+)  
Hardness (Rockwell M) 
Izod impact ( f t . l b s . / i n . )  

Mechanic a 1 

PMS 

99.7 

97 
3 

1.5408 
0.892 
0.79 

-- 

34 
170 
-34 

1 2  

15-17 

Styrene 

99.7 

-- 
-- -- 

1.5440 
0.902 
0.72 

32 
145 
-31 

14  

1 7  

Poly PUS a 

1.01 
2.5 

113 
11 6 

95 

7.0 
3.0 
3.2 

12  
82 

0.3 

V i  nyltoluene 

99.2 

33 
66.7 
0.3 
1.5395 
0.893 
0.78 

31 
168 
-77 

12  

15-17 

I 

; Polystyrene 

1.05 
2.5 1 

102 
109 

89 

7.6 
3.0 
3.6 

1 3  
74 

I 0.3 

( a )  972 para ,  3% meta isomers  

16 2 


